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Inulin, a polyfructan, is found as the reserve 
carbohydrate in the roots and tubers of various plants. 
The g-fructofuranosidase (inulase) from the yeast 
Kluyveromyces fragilis is of interest because of its 
industrial potential in fructose syrup and alcohol 
production from inulin containing plants. The enzyme was 
purified and characterized with respect to its physical 
and kinetic parameters. The relationship between the 
enzyme and the yeast cell wall was also investigated. It 
was found that the inulase of Kluyveromyces fragilis could 
be immobilized in the yeast cells by glutaraldehyde 
treatment. Although the exact nature of the 
immobilization is not fully understood the kinetic 
parameters of the immobilized enzyme are similar to those 
of the soluble enzyme. The cells are resistant to 
physical and enzymatic destruction and warrant further 
investigation as to their use in an enzymatic reactor for 
the production of high fructose syrup from inulin.
INTRODUCTION
Some plants (i.e. Jerusalem artichokes, chicory, 
dahlia) synthesize fructans as their storage carbohydrate. 
These fructans are linear polymers constructed of B- (2,1) — 
linked fructose units started from a sucrose molecule. 
The average size of these fructans vary with species and 
age of the storage organ up to a degree of polymerization 
of 35. The high molecular weight fructans (DP>30) are 
termed "inulin".
Inulin has industrial potential as a feedstock for 
both alcohol production (73) and high fructose syrup 
production (13,16,50,60,61,119). Plant fructans are 
readily hydrolyzed by acids yielding syrups in which 
75-98% of the carbohydrate is fructose (61). However 
there are disadvantages to the use of acid hydrolysis. 
Although the cost of the acid is small, its use increases 
an already high ash content, removal of which is 
expensive. Processes utilizing ion exchange resins to 
desalt aqueous inulin solutions while simultaneously 
lowering the pH have been developed to circumvent this 
high ash problem (61). This does not solve the other 
major problem with acid hydrolysis. Fructose degradation 
products produced by acid hydrolysis produce undesirable 
color and flavor in the final high fructose syrup (13).
The use of enzymes overcomes both these problems. 
The plant roots themselves contain enzyme systems capable 
of hydrolyzing fructans, but they are unsuitable for
1
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commercial application. Many yeasts exist that are 
capable of hydrolyzing inulin (9) and may serve as 
industrial sources of inulase (g-fructofuranosidase).
Inulase (E.C.3.2.1.7) and invertase (E.C .3.2.1.26) 
catalyze both the hydrolysis of inulin and sucrose but the 
inulase enzyme has a higher specificity for inulin than 
does invertase (98). A method for the production of 
inulase from the yeast Kluyveromyces fragilis has been 
reported (47) and an inulase from Aspergillus spp. is 
commercially available (46,119). Economic considerations 
dictate that, if used, inulase would be best utilized in 
an immobilized form. Immobilization of Kluyveromyces 
fragilis (47) and Debaryomyces phaffi (50) inulases on 
DEAE-cellulose by adsorption has been reported but the 
affinity of these enzymes for this support was not 
sufficient for industrial use.
The purpose of this investigation was to characterize 
the inulase (g-fructofuranosidase) from Kluyveromyces 
fragilis and develop it as an industrially feasible 
immobilized inulase preparation, with the potential for 
FDA approval for use in high fructose syrup production.
REVIEW OF LITERATURE
I. Characteristics of Inulin
It has long been known that plants of the order 
Compositae accumulate fructans as their storage 
carbohydrate. As far as may be ascertained, this is true 
of all members of the Compositae, none of which accumulate 
starch. The average size of these fructans vary with 
species and with the age of the storage organ. Jerusalem 
artichoke (Helianthus tuberosus) accumulates comparatively 
small fructans while chicory (Cichorium intybus) has a 
greater proportion of high molecular weight fructans. 
These high molecular weight fructans (DP>_30) readily 
crystallize from aqueous solutions and are collectively 
known as "inulin", having been isolated first from 
elecampane (Inula helenium). Inulin is a linear molecule 
consisting of a chain of (2->l)-linked B-D-fructofuranosyl 
residues, ending with a sucrose residue (54), with a 
molecular weight of approximately 5000 (17,52).
II. Characteristics of the B-Fructofuranosidase
(Inulinase) Enzyme
B-D-fructofuranosidases catalyze the hydrolysis of 
compounds having terminal unsubstituted
B-D-fructofuranosyl residues (77). Some yeast
3-D-fructofuranosidases appear to be unable to cleave 
inulin, and although only 20 yeast species have been 
unequivocally reported to utilize inulin; these are all 
among those species capable of using both sucrose and
3
4
raffinose (9). Adams el: al (2) demonstrated that highly 
purified invertase preparations, obtained from both 
brewer's and baker's yeasts, could hydrolyze inulin. 
Depending on the source of the enzyme and the method of 
purification, they found that the ratio of hydrolysis 
rates with sucrose and inulin varied widely. Based on 
this and on different pH optima for hydrolysis of sucrose 
and inulin, they concluded that their preparations 
contained a separate enzyme, responsible for the 
hydrolysis of inulin, distinct from the 3-fructosidase 
which hydrolyzed sucrose. Snyder and Phaff (98), working 
with the inulin fermenting yeast Kluyveromyces fragilis, 
found that the ratio of the hydrolysis rates with sucrose 
and with inulin, the S/I ratio, of the K. fragilis enzyme 
was approximately 25. Since invertase from baker's yeast 
had an S/I ratio of 14,000 under the same assay 
conditions, they postulated that K. fragilis probably does 
not produce an invertase similar to that found in baker's 
or brewer's yeast, since its presence would undoubtedly 
increase the S/I ratio significantly. This hypothesis was 
substantiated by the observations that sucrose and inulin 
activities were inactivated at the same rate by heat and 
they eluted from a DEAE-cellulose column as a single peak 
(98). Upon testing the enzyme with varying concentrations 
of urea, guanidine-HCl, and sodium dodecyl sulfate and 
then measuring the residual activity it was found that the 
percent reduction of invertase activity was the same as
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the reduction of inulase activity further substantiating 
the claim that both activities are properties of the same 
enzyme (82). The fact that different purification methods 
could not separate the sucrose and inulin activities, as 
measured by the S/I ratio, indicated that both activities 
are properties of the same enzyme (82,98). Snyder and 
Phaff (98) proposed that Kluyveromyces fragilis does not 
produce an invertase, but a catalytically related, 
although distinct, inulase. These findings have resulted 
in inulase (EC 3.2.1.7) being defined as a separate 
enzyme, based on the endohydrolysis of B-2,1-D-fructoside 
bonds in inulin whereas invertase (EC 3.2.1.26) activity 
is defined as the hydrolysis of terminal non-reducing 
8-D-fructofuranoside residues (46).
Enzymes which attack polysaccharides by an endwise 
action may hydrolyze the substrate by a single-chain 
mechanism in which the enzyme completely hydrolyzes one 
substrate molecule at a time or by a multichain mechanism 
in which the enzyme attacks the ends of the polymer chains 
in a completely random manner. Because inulin terminates 
with a glucose molecule it is an ideal substrate with 
which to study the mechanism of action of the terminally 
acting inulase enzyme. The hydrolysis of inulin by 
inulase begins on the fructose end of the molecule. This 
action was illustrated by the lack of activity the enzyme 
had against the carbohydrate melezitose. This 
trisaccharide has the same terminal configuration as
6
inulin, but the centrally located fructose is protected 
from hydrolysis by a second glucosyl residue attached to 
fructose at the C-3 position. The total lack of activity 
towards melezitose shows the absence of a-glucosidase 
activity and supports the concept that inulin is 
hydrolyzed from the fructose end by a sequential 
hydrolysis of fructose molecules (82). The rate of 
appearance of free glucose in relation to the total 
increase in reducing value can furnish information on the 
degree of single- or multichain action. The hexose to 
glucose ratios (H:G) of the reaction products were 
determined after various times and under various 
experimental conditions, after it had been established 
that the H:G ratio of acid-hydrolyzed inulin was 
approximately 35(99). Under most conditions the 
hydrolysis occurred largely by the single-chain mechanism 
as the H:G ratios of the reaction products soon approached 
the level of 35(99). At pH 3.0, 2.2 pH units below the 
optimal pH, there was a significant shift towards the 
multichain mechanism, as evidenced by significantly higher 
H:G ratios (99). The concept of a single-chain mode of 
action has been substantiated by other researchers (79).
Purification of the inulase enzyme from Kluyveromyces 
fragilis has been previously reported (40,47,79,82,98). 
The inulase enzyme has an optimum pH of 4.3 with sucrose 
and 5.1 with inulin (98). This is in contrast with the 
optimum pH of 4.8-5.6 for sucrose and 3.2-3.8 for inulin
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described for invertase (2). This is additional evidence 
that inulase is a unique enzyme and not solely a modified 
invertase. In fact, Adams jet al (2) used the differing pH 
optima between sucrose and inulin as a basis for 
postulating a separate inulase component in baker's yeast 
invertase. However pH data presented by Snyder and Phaff 
(98) on inulase together with the results of Demain and 
Phaff (27) and Phaff and Demain (88) with pure yeast 
endopolygalacturonase have shown that polysaccharidases do 
not necessarily have the same optimum pH for the 
hydrolysis of polysaccharides as for oligosaccharides.
Since inulin is hydrolyzed successively from the 
chain ends, releasing fructose and the next lower inulin 
homologues, this lower homologue will act as substrate 
further, with the liberation of fructose (79). It has 
been suggested that this sequence of events leads to an 
acceleration of the rate of hydrolysis as the inulin 
molecule gets shorter which differs from Michaelis-Menten 
type kinetics as demonstrated by the non-hyperbolic 
behavior of the velocity as substrate concentration 
changes (79).
The enzyme activity was reported to be stable between 
pH 2.0-8.0 at 30°C but at pH values higher than 8.5 the 
stability decreased (82). The heat stability of the 
enzyme has been described at 50°C at pH 5.0 (98) and 55°C 
at pH A.5 (82).
The enzyme is sensitive to the inhibitory actions of
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silver nitrate, mercuric chloride, phenylhydrazine, and 
p-chloromecuribenzoate (82). This can be compared to the 
inhibition of yeast invertase by Ag and other heavy metal 
ions in a noncompetitive and reversible manner (77). 
Aniline exhibited a non-competitive inhibition of the 
enzyme (79). Similarly, aniline also exhibits an 
inhibition of the invertase from Neurospora crassa and 
yeast (74,91).
The Km for Kluyveromyces fragilis inulase has been 
found to be 9.4,6.1, and 6.8 mM for sucrose, raffinose, 
and stachyose respectively at pH 5.0 (47). The K^ for
sucrose hydrolysis of another strain of K. fragilis was 
found to be 6.7 mM at pH 5.0 (79). The values, when
compared to the Km (sucrose) values of 26 mM and 25 mM for 
external and internal invertase from Saccharomvces 
cerevisiae (44), demonstrate that the inulase from K. 
fragilis has a higher affinity for sucrose than invertase.
III. Localization of B-Fructofuranosidase and 
Characterization of the Cell Wall
Many studies on Saccharomyces cerevisiae and 
Kluyveromyces fragilis have shown that B-D-fructofurano- 
sida.se is synthesized within the cell and exported outside 
the plasmalemma. Some authors have suggested that the 
enzyme is held in the periplasmic space (3,11,15), of 
width approximate 10 nm (9) and volume approximately 1 fl
(5), between the plasmalemma and the cell wall. Other 
workers have held that external B-D-fructofuranosidase is
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located within the cell wall itself, held simply by 
physical restraint (57,58) or attached to the wall either 
by D-mannose phosphoric diester bridges or by hydrogen 
bonds (65).
A variety of evidence serves to locate the 
g-fructofuranosidase of Saccharomyces cerevisiae in a 
region external to the protoplasmic membrane (89) . The 
following findings are convincing evidence that the fine 
location is in the periplasmic space.
Willstatter and Racke (112) were able to release the 
enzyme by grinding fresh yeast in liquid nitrogen, 
conditions that would minimize autolysis. Burger et al 
(15) used a Hughes' press to release enzyme from fresh or 
ethyl acetate-treated cells, and Arnold (3) demonstrated 
corelease of g-fructofuranosidase and acid phosphatase 
from cells that suffered varying degrees of cracking in 
the French pressure device. Moreover, ethyl 
acetate-treated £>. cerevisiae cells, in which the 
autolytic enzymes are destroyed, released the 
g-fructofuranosidase after the addition of endogenous 
mannase free g-D-glucanase mixture (4). Hydrolysis of 
mannosidic bonds would be required if this glycoprotein 
were indeed covalently bonded to the cell wall. Arnold 
(6) refutes a claim by Lampen (65) that a specific 
bacterial mannase, which splits a mannosidic bond adjacent 
to a phosphodiester-linked mannose, can release 
g-fructofuranosidase from live cells is on several counts.
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The assays involved an additional osmotic shock step; the 
enzyme preparation still contained some B-glucanase 
activity; and a further B-glucanase source, snail 
digestive juice, accelerated and increased the yield of 
B-fructofuranosidase released (78).
A model which has B-fructofuranosidase covalently 
bonded to the cell wall has been widely quoted, although 
Lampen (66) subsequently modified his working hypothesis 
to include the periplasmic space as a second alternative 
in some species. The former model implies that secondary 
mechanisms anchor the translocated enzyme to the cell wall 
matrix. Arnold (6) challenged the interpretations that 
Lampen (65) placed on three seemingly crucial pieces of 
evidence.
First, Sutton and Lampen (102) thought that isolated 
cell walls had high levels of B-fructofuranosidase; 
unfortunately, the activity of the cells from which they 
were prepared was not reported, but Arnold (6) calculated 
that their wall preparations had only about 3% the 
activity of commercial bakers' yeast cells (on a dry 
weight basis). Furthermore, other reports (38,71) 
indicated very low levels of B-fructofuranosidase in cell 
wall preparations. Second, Preiss (90) was inclined to 
locate B-fructofuranosidase in a layer 50 nm removed from 
the surface and about 50 nm thick. This work was based on 
inactivation of the enzyme by low-voltage electrons whose 
energy profiles were theoretically related to penetration
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of biological material. No attempt was made to estimate 
the thickness of the cell wall of the test strain, and the 
fact that dried yeast were employed has apparently escaped 
subsequent reviewers. At best the data only confirms the 
peripheral location of the enzyme in question. And third, 
the action of a mannase on 8-fructofuranosidase release 
has been incorrectly interpreted.
The frequent observation that Ŝ. cerevisiae cells 
retain all of their 8-D-fructofuranosidase was challenged 
by Wickerham (109) , who was able to demonstrate activity 
in the medium with some strains. Arnold (6) has 
demonstrated that active cultures of baker's yeasts have 
always yielded less than 1% of the total activity in the 
medium. It would seem more appropriate to describe this 
phenomenon as a loss of trace amounts to the medium by 
growing cells rather than substantial secretion. On the 
other hand, higher percentages were found in the culture 
fluid from two distillers' strains of Saccharomyces 
cerevisiae and two strains of Saccharomyces uvarum (109). 
Arnold (6) found 20% of the total activity in the medium 
of a 3-day culture of Saccharomyces uvarum (NRRL Y972), 
and this is in agreement with the 23% observed previously 
(34).
Saccharomyces rouxii is an exceptional Saccharomyces 
species in that dividing cells produce a physically 
cryptic 8-fructofuranosidase which then becomes expressed 
in older cells (85). Saccharomyces bisporus var. mellis
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has been found to behave similarly (6). These species are 
closely related to Saccharomyces bailii and are regarded 
as less advanced because they stabilize in nature as 
haploids.
In contrast to Saccharomyces cerevisiae, the release 
of 3-fructofuranosidase from Kluyveromyces fragilis after 
treatment with sulfhydryl reagents (57,58) and from 
Saccharomyces chevalieri during osmotic shock (96) is 
probably due to chemical differences in key structural 
components of their cell walls, rather than inherent 
differences in the location of the studied enzyme. In the 
same general context it is worth mentioning that not 
enough is known about the disposition of components within 
the cell envelope of Saccharomyces cerevisiae, let alone 
that of Kluyveromyces fragilis. Unfortunately, some 
confusion has arisen in the literature because data from 
different species occasionally have been intermingled with 
regard to the properties of the cell envelope. Some or 
all of the above species may be attractive models for 
further comparative studies on enzymes normally destined 
for the periplasmic space. In the case of Saccharomyces 
uvarum a decrease in molecular size (degree of 
glycosylation?) of its B-fructofuranosidase, or 
alternatively an increase in cell wall porosity might be 
sought to explain the decreased retentivity of those cells 
relative to Saccharomyces cerevisiae (6).
An additional B-fructofuranosidase is located in the
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protoplasm (A3) . This fraction is at most 4% of the total 
activity even in a repression-resistant mutant of 
Saccharomyces cerevisiae. The internally located enzyme 
was shown not to be glycosylated, but otherwise to 
resemble the external variety in molecular weight of the 
protein moiety and in kinetic parameters (43). A 
biosynthetic relationship between the external and 
internal 8-fructofuranosidase was postulated and received 
considerable subsequent attention. However, studies 
involving an inhibitor of glvcosylation (tunicamycin) 
negate any precursor to product relationship between the 
two enzymes (42). The compulsion to seek a 
nonglycosylated precursor, and the feeling that such a 
precursor would be physically cryptic during processing, 
are founded on higher eukaryotic cell precedents, but for 
the present the internal species of 8-fructofuranosidase 
which has been described above appears to be independent 
of the external variety and hence confounds the problem
(6). This leaves the internal enzyme with no known 
function. Possibly it catalyzes the hydrolysis of the few 
adventitious molecules of sucrose that penetrate the 
plasma membrane (6).
IV. Physiology of Kluyveromyces fragilis with Respect to
8-Fructofuranosidase Production
Davies (23) found that when Kluyveromyces fragilis 
was grown in a medium containing 2% (w/v) glucose, the
8-fructofuranosidase level was low during the early phases
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of growth but later increased rapidly. When the glucose 
concentration was increased to 10% (w/v), enzyme activity 
was low at all stages of growth. It was concluded from 
these experiments that the presence of glucose in the 
medium inhibited the formation of B-fructofuranosidase. 
B-Fructofuranosidase synthesis was demonstrated in 
suspensions of washed organisms and was inhibited by 
glucose and fructose. The formation of many enzymes is 
suppressed by the presence of glucose in the growth medium 
(41). The regulation of B-fructofuranosidase formation in 
Kluyveromyces fragilis, however, is wider than an 
inhibition by glucose, for if the enzyme activity in the 
presence of low concentrations of glucose is taken as the 
uninhibited value, then all carbon sources that have been 
tested (22) are inhibitory, though with some, such as 
raffinose (23) and glycerol, the inhibition is small. The 
type of response shown by the yeast depends on both the 
nature and the concentration of the carbon source. For 
instance, the response to galactose differs from that to 
glucose; the highest activities (about 2% of that observed 
in a medium containing low concentrations of glucose) are 
found in media initially containing 2% (w/v) galactose,
while lower B-fructofuranosidase activities are observed 
when the galactose concentration is reduced (22). 
Kluyveromyces fragilis cells grown on a medium containing 
an excess of sucrose have a low invertase activity. At 
first sight this would seem to indicate that
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8-fructofuranosidase formation is suppressed by sucrose. 
However, the low activity can be accounted for by the 
presence of low concentrations of invert sugar in the 
culture. Because of this, it was impossible for Davies 
(22) to ascertain whether sucrose has any inhibitory or 
stimulatory action on 8-fructofuranosidase formation. The 
observed low concentrations of invert sugar in these 
cultures are in accordance with the hypothesis of Hestrin 
and Lindegeen (53), that biosynthesis of carbohydrases in 
yeast continues until the rate of production of hexose by 
hydrolysis of oligosaccharides slightly exceeds the rate 
of utilization of the hexose, the accumulating hexose then 
inhibiting further enzyme formation. The fact that, after 
allowance had been made for acid hydrolysis in the 
culture, sucrose disappearance in these cultures agreed 
closely with that calculated on the basis of the 
8-fructofuranosidase activity of the organisms in washed 
suspension, would suggest that the sole pathway of sucrose 
metabolism is via hydrolysis to invert sugar (22).
Davies (23) found that with sucrose as the energy 
source synthesis of invertase by washed suspensions of 
Kluyveromyces fragilis proceeded optimally between pH 4.0 
and 5.0, the optimum pH value for enzyme action being 
approximately 4.0. However, the same relationship was 
observed when glucose was the energy source, in which case 
the energy supply was not dependent on the activity of the 
enzyme. In growing cultures the formation of invertase
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shows a different response to pH value, the potential 
activity of the yeast grown in a 0.1% (w/v) glucose medium 
being at a minimum when the culture pH value is 5.4. 
Between pH 7.7 and 8.3 the activity decreases again, 
probably due to an increase in the glucose concentration 
in the culture over this range. The optimal effective 
activity is obtained with a culture at pH 3.5. Since the 
invertase activity of organisms grown in a 2% (w/v)
glucose medium over a wide range of pH values is low, it 
would appear that the inhibitory effect of high 
concentrations of glucose occurs at all pH values.
Through the use of continuous culture it has been 
shown that the rate of division and concentrations of 
ammonium ions and growth factors in the culture have no 
significant effect on the B-fructofuranosidase content of 
Kluyveromyces fragilis. The main factor which controls 
the B-fructofuranosidase content of Kluyveromyces fragilis 
in media containing glucose is the glucose concentration 
(2 2).
V. Regulation of B-Fructofuranosidase Activity
The molecular mechanism involved in the repression of 
B-fructofuranosidase in Kluyveromyces fragilis has not 
been studied but attempts have been made to describe the 
process in Saccharomyces cerevisiae. This enzyme was 
thought to be present in the cell in two main molecular 
forms: an internal or cytoplasmic form (43) and an
external form (83) localized at the periplasmic space
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(55). Recently, it has been shown that there are three
different invertases. Two are in the cytoplasm, one
carbohydrate free and soluble in the cell sap (A3) and the
other partially glycosylated and membrane bound (93). The
third form is also glycosylated and is secreted to the
cell exterior. A precursor-product relationship seems to
be the link between the membrane-bound form and the
periplasmic one (93). The relationship between the cell
sap-soluble invertase and the others is unknown. A
precursor-product relationship was initially suggested
(1,68,83), but differences in amino acid composition (AA)
and in the kinetics of synthesis during the cell cycle
(A2) did not confirm this hypothesis. Moreover Ottolenghi
(8A) found differences in their K values for sucrose.m
Perlman and Halvorson (86) have recently described the 
existence of three mature mRNAs coded by individual SUC 
genes that direct the synthesis of three polypeptides. 
Two of these are precursors of secreted glycoproteins, and 
the third one corresponds to the soluble cytoplasmic 
polypeptide. A different maturation step in the SUC gene 
product would be responsible for the final location of the 
invertase isoenzymes. The level of enzyme secretion 
depends on the glucose concentration in the culture medium 
(A5). Repression of the external invertase synthesis has 
been described as taking place at the level of 
transcription (39,86), translation (39), and glycosylation 
(20) of the protein. In this last case, the
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non-glycosylated enzyme would be degraded by specific 
proteolytic enzymes (20).
Mormeneo and Sentandreu (76) also found that 
Saccharomyces cerevisiae cells growing in glucose at a 
concentration of 1% or more do not produce extracellular 
invertase, although some intracellular activity is found. 
But, if the temperature is shifted from 23° C to 37° 
invertase secretion takes place. This phenomenon might be 
due either to the activation of a proenzyme or to the de 
novo synthesis of invertase due to expression of an 
already present or newly synthesized mRNA.
To discriminate between the above hypotheses, the 
synthesis of invertase was analyzed in cells in the 
presence of cycloheximide and at 37°C to block protein and 
RNA synthesis, respectively (76).
In the presence of cycloheximide no activity was 
detected, suggesting that the activation of an already
present proenzyme was not a likely explanation for the new
invertase secreted. But when the cells were incubated at 
37°C, the temperature that blocks RNA synthesis in both S_. 
cerevisiae 2180-136 (Ts) and S>. cerevisiae 136(Ts),
activity was detected, suggesting that invertase secretion 
was probably the result of the translation of a specific 
RNA which was already present in the cells incubated in 
the presence of glucose. Moreover, this suggests that
invertase synthesis at high temperatures is due to the 
expression of invertase mRNA molecules synthesized
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continuously in the presence of glucose (76).
The levels of mRNA present, determined as the total 
exocellular invertase detected at the higher temperature, 
depends on the glucose present in the growth medium. The 
higher the glucose present, the lower the mRNA 
accumulated. These results are in agreement with those 
reported previously, indicating that repression of 
invertase by glucose takes place at least at the level of 
transcription (39,86).
Transfer of £3. cerevisiae 136(Ts) or S. cerevisiae 
2180-136(Ts) to a medium with either glucose or maltose at 
37°C resulted in different levels of invertase. The 
activity in cells incubated with 0.5% glucose or more was 
less than that found with 0.25% glucose, suggesting that 
glucose interferes not only with transcription but also 
with the translation of the invertase RNA already 
accumulated (76).
Perlman and Halvorson (86) also recently described 
that the action of glucose on invertase is at the level of 
transcription; however, Chu and Maley (20) did not detect 
this effect in one of the strains (ATCC 9763) employed by 
Perlman and Halvorson.
The appearance of enzyme activity after incubation of 
repressed cells at a higher temperature suggests that the 
invertase mRNA is constantly being transcribed in 
conditions of both repression and derepression. The 
invertase detected is higher under derepression
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conditions, suggesting that the glucose modifies only the 
amount of the mRNA accumulated, but not its presence (76).
Since transcription and translation seem to occur 
constantly, synthesis of the enzyme should also be 
constant. Therefore, the inability to detect enzyme 
activity in repressed cells must be due to a continuous 
degradation of the protein before its secretion.
Mormeneo and Sentandreu (76) suggested that secretion 
of invertase in repressed cells after a temperature shift 
might be due to the uncoupling between synthesis and 
degradation of the protein molecules, since the amount of, 
invertase detected is proportional to the amplitude of the 
shift. When incubation at the new temperature is carried 
on, however, a new equilibrium between synthesis and 
degradation is reached after 60 minutes.
This hypothesis is in agreement with the results of 
Chu and Maley (20) who suggested that the newly 
synthesized invertase in repressed cells is degraded 
before glycosylation takes place. The finding that the 
enzyme secreted under repression conditions is 
glycosylated suggests that if the degradation hypothesis 
is correct, once the uncoupling phenomenon has taken 
place, glycosylation of invertase is normally carried out 
(76).
Davies (25), working with the yeast Kluyveromyces 
fragilis, isolated a factor from an acid hydrolysate of 
casein capable of stimulating B-fructofuranosidase in
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glucose-repressed cells. With some strains of 
Kluyveromyces fragilis the factor could be replaced with 
arginine and partially with methionine. Davies (25) 
characterized the factor as a diketopiperazine derivative 
of arginine and proline. The mechanism of action is 
unknown.
VI. Production of High-Fructose Syrup by Inulin Hydrolysis
It is possible to envisage the manufacture of a high 
fructose syrup using plants that contain fructans. The 
most useful fructan is inulin, which is found in Jerusalem 
artichoke, chicory, and dahlia. Inulin is thought by many 
researchers to be an important potential source of 
fructose (8,21,94). The advantage of making fructose by 
the hydrolysis of inulin was recognized early this century 
( 110) .
The production of fructose syrups from Jerusalem 
artichoke tubers has been studied for decades. Dykins and 
colleagues (36,37) made aqueous extracts and refined these 
using lime defecation, neutralization of the lime with 
sulfuric or phosphoric acid and hydrolysis with acid. 
Some researchers have chosen to hydrolyze the fructans 
immediately after extraction (13) but this procedure has 
been shown to result in the loss of fructose (60). It is, 
therefore, advisable to leave the hydrolysis stage until 
as late as possible in the refining sequence and thus 
utilize the comparatively greater stability of the
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fructans over fructose (13).
Although plant fructans are readily hydrolyzed by 
acids, there are disadvantages in their use. Although 
their costs are small, their use increases an already high 
ash content, removal of which is expensive (13), and they 
require considerable energy expenditure (48). The 
combined effect of pH and heat causes unfavorable 
secondary reactions: these are browning caused by
caramelization of the sugars and Maillard's reaction with 
proteins with the appearance of foreign tastes and smells. 
Thus the pH, temperature, and time of acid hydrolysis must 
be adjusted to minimize fructose destruction. The problem 
of increased ash content by acid hydrolysis has been 
overcome by the use of ion exchange resins in the 
hydrolysis process (60,61). By first passing the inulin 
plant extract through a cation exchange resin (Amberlite 
IR120) the removal of cations and replacement with H+ ions 
results in a decrease in pH. A delay period provides for 
efficient hydrolysis of the labile inulin and subsequent 
treatment with an anion exchange resin (Amberlite IRA93) 
removes the anions and restores the pH of the extract to 
neutrality. Hence desalting and hydrolysis are achieved 
simultaneously. Although the process is efficient 
undesirable color and flavor formation still exists 
resulting in a low quality product.
These inconveniences may be overcome by the use of 
enzymes. The tubers themselves contain enzyme systems
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capable of hydrolyzing fructans, but these are unsuitable 
for commercial application (13).
The inulase enzyme may be obtained from the yeasts 
Kluyveromyces fragilis (98), Kluyveromyces lactis (64), 
Candida kefyr (80), as well as from the filmentous fungi 
Aspergillus niger, Fusarium roseum and Penicillium spp 
(39). Yeast invertase preparations are capable of 
hydrolyzing inulin but the rate of hydrolysis is very slow 
and total hydrolysis can not be achieved in a practical 
time span.
The hydrolysis of inulin by yeast inulase enzymes has 
been studied thoroughly (48) with investigations into 
production and utilization of soluble inulase focusing 
mainly on the enzyme from Kluyveromyces fragilis 
(16,47,48) although a soluble enzyme preparation from 
Aspergillus spp is commercially available (46,119).
It is likely that inulase would be considered for 
commercial use if inexpensively available in sufficient 
quantity. The economic considerations dictates that, if
used, inulase would be present in an immobilized form 
(13). Immobilization of Kluyveromyces fragilis (47) and
Debaryomyces phaffii (49) inulases on DEAE-cellulose by 
adsorption has been reported but the affinity of these
enzymes for the support was not sufficient for industrial 
use. The inulase from Kluyveromyces fragilis has been 
immobilized to tygon tubing and aminoethyl-cellulose 
covalently with glutaraldehyde for the purpose of
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producing high fructose syrup from Jerusalem artichoke 
(62).
The use of immobilized cells for inulin hydrolysis 
has recently been considered. One drawback in the use of 
entrapped cells for inulin hydrolysis is the diffusion 
properties of the immobilization matrix towards inulin. 
Calcium alginate has been found to be freely permeable to 
inulin (18) and has been used successfully to entrap 
Kluyveromyces marxianus cells for the purpose of 
continuous ethanol fermentation using Jerusalem artichoke 
extract (73). Cells of Kluyveromyces marxianus have been 
immobilized in calcium alginate gels, followed by repeated 
freezing and thawing until the ethanol producing capacity 
of the system was abolished, and utilized as an 
immobilized inulase system with a half-life of 350 hours 
(59) .
Viable cells of the yeast Pichia polymorpha have been 
immobilized by adsorption on beech wood shavings for the 
purpose of inulin hydrolysis (50). The described reactor 
had minor disadvantages such as being limited to the use 
of a non-fermenting yeast if fructose is the desired end 
product, the hydrolysis products repress inulase 
synthesis, and if the inulin extract is prepared by a hot 
diffusion process the viable cell reactor is the coldest 
step between the inulin extraction and the concentration 
of the hydrolyzed juice, thus, the inulin precipitates out 
of solution in the reactor (50).
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The two most common plants considered for potential 
inulin and fructose production are chicory and Jerusalem 
artichokes, but other potential sources are salsify, 
cardoon, elecampane, and burdock. Without indication as 
to the increase in inulin content of any of these plants 
that can be achieved by means of strain selection, a true 
yield comparison with other carbohydrate sweeteners cannot 
be made. But from recorded figures, it is possible to 
indicate that for chicory, 5 tons of fructose/hectare
would be a base or lower limit figure (61).
Chicory is grown extensively in Europe as an 
agricultural crop, and planting and harvesting techniques 
are well established for its production. However, chicory 
possesses strong flavors which may be carried over in a 
fructose/inulin production process and would require
removal from the final product.
Jerusalem artichokes are also grown commonly as a 
vegetable and they do not possess the strong flavors
associated with chicory. For Jerusalem artichokes, 
similar to chicory, the planting and harvesting techniques 
are well established. But for both these crops, the scale 
of operation used to date is relatively small compared 
with that for other carbohydrate sweetener source 
materials. Furthermore, the varieties and techniques used 




Kluyveromyces fragilis (ATCC 12424) was chosen based 
on the work of GrootWassink and Fleming (47). An 
advantage of this species is that it is approved by the 
FDA as a food yeast.
II. Growth of the Organism
A modification of the salts and growth factors 
described by Snyder and Phaff (98) was used as the basal 
medium. The medium had the following composition (all 
components in unit weight per liter of deionized water).





















p-aminobenzoic acid 200 
pyridoxin.HC1 400
thiamine.HC1 400
The medium differs from that described by Snyder and Phaff 
in that NaV02«4H20 was found to be nonessential and 
omitted. They also chose to use 1.2% NH^^PO^ as their 
nitrogen source since they were not operating under pH 
control. They found that this salt in combination with a 
succinate buffer decreased the pH drop brought about by 
microbial growth. We chose to use pH control thus
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omitting the ammonium phosphate and succinate and 
replacing it with ammonium sulfate and increasing the 
potassium phosphate content from 1 g/1 to 1.5 g/1.
In order to determine the optimum pH for growth and 
inulase production a series of 1.7 liter batch cultures 
were grown in a 2-1 MultiGen fermentor (New Brunswick 
Scientific Co. , New Brunswick, New Jersey) agitated at 2.25 
rpm with aeration at 2 liters/minute with inulin (dahlia 
inulin, Sigma Chemical Co., St. Louis, Mo.) as the sole 
carbon source. The culture was maintained at 30°C based 
on the results of GrootWassink and Fleming (47). The pH 
of the culture was maintained by the addition of 1 N NaOH 
by a Model pH-40 Automatic pH Controller and Pump Module 
(New Brunswick Scientific Co., Edison, New Jersey). Total 
growth and enzyme production was determined 20 hours after 
inoculation with 20 mg (dry weight) washed yeast cells 
taken from a 24 hour shake-flask culture of Kluyveromyces 
fragilis, grown on 1% glucose and 0.5% yeast extract. 
Following the determination of the optimal pH all 
subsequent cultures were grown at pH 4.9.
Cultures used for the determination of 8-fructo­
furanosidase regulation were grown on a variety of carbon 
sources with fermentation parameters being manipulated as 
described in the Results. The temperature, pH, aeration, 
agitation, and basal medium in these situations are as 
previously described.
The growth of Kluyveromyces fragilis for use in the
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enzyme purification studies was as previously described, 
with inulin used as the sole carbon source and the cells 
harvested after 24 hours.
Cells that were to be fixed w’ith glutaraldehyde were 
grown on a 2% inulin-1% yeast extract (Difco) medium in 
one liter shake flasks at 30°C for 36 hours as described 
by GrootWassink and Fleming (47).
Cell dry weight was determined by filtering an
aliquot of the culture through a tared 0.22 ym filter 
(Amicon, Lexington, Ma.) and drying the cells and filter 
to constant weight at 105°C.
Ill. g-Mercaptoethanol Release of the g-Fructofuranosidase
The fermentor grown cells were harvested by
centrifugation, washed with 20 mM potassium phosphate (pH
8.0), and then resuspended in the same buffer (29 g wet
w t . /1).
The enzyme was released from the cells by the 
addition of g-mercaptoethanol to a concentration of 10 mM 
followed by incubation at 30°C for 45 minutes. The cells 
were harvested and discarded and the resulting supernatant 
fluid was concentrated with a hollow-fiber device (5000 Mr 
cut-off) to 2. mg protein/ml. This was then extensively 
dialyzed against 20 mM potassium phosphate (pH 6.0). This 
fraction was the crude enzyme.
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IV. Enzyme and Protein Assay
The soluble enzyme was assayed by incubating 10 yl of 
properly diluted enzyme in 0.5 ml 0.1 M sucrose in. 0.1 M 
sodium acetate (pH A. 5) at 50°C for 5 minutes. The 
reaction was stopped and reducing sugar determined by 
adding dinitrosalicylic acid reagent (101). A unit of 
enzyme activity, as described by GrootWassink and Fleming 
(47) , is defined as the amount of enzyme required to 
produce 1 yg reducing sugar per minute from the chosen 
substrate at 50°C under the given pH. Protein was 
determined by the Lowry method (70).
Enzyme activity associated with glutaraldehyde fixed 
cells and untreated cells during the fermentation studies 
was assayed by using whole cells in the previously 
described assay. The whole cell enzyme assay was run at 
pH 5.0 instead of pH 4.5 to allow comparison with 
GrootWassink and Fleming (47). Unit enzyme activity was 
as previously described.
V. Enzyme Purification
The crude extract was treated with glutaraldehyde- 
activated carbon as described by Cho and Bailey (19). 
Activated carbon that had been washed with 6 N HC1 was 
exposed to 1% glutaraldehyde for 3 minutes. This treated, 
activated-carbon was washed with deionized water and then 
2 g (dry weight) was mixed with 4 ml crude extract at room 
temperature for 16 hours, after which both the supernatant 
fluid and carbon were assayed for protein and activity.
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A DEAE-cellulose (Sigma Chemical Co., St. Louis, MO.) 
column (20 cm x 0.5 cm) was prepared and equilibrated with 
20 mM potassium phosphate (pH 8.0). The crude extract (20 
mg protein) was dialyzed against the equilibrating buffer 
and then adsorbed to the column. The protein was 
fractionated by eluting with a 200 ml NaCl gradient (0-0.3 
M NaCl in equilibrating buffer).
Affinity chromatography was performed as described by 
Workman and Day (116). An agarose-immobilized 
concanavalin A (Sigma Chemical Co., St. Louis, MO.) column 
was prepared containing 100 mg immobilized Con-A. An 
equilibrating buffer was prepared containing 1 mM CaCl2 , 1 
mM MgCl2 , 1 mM MnCl2 , 20 mM KH2PC>4 , and 0.5 M NaCl (pH
6.0) and used to equilibrate the column. Five milliliters 
of crude enzyme was dialyzed against equilibrating buffer 
and adsorbed to the column. The column was then washed 
with 100 ml of equilibrating buffer to remove the unbound 
protein followed by 25 ml of 0.5 M a-methyl-D-mannoside in 
equilibrating buffer to remove the bound protein.
VI. Electrophoresis
Polyacrylamide disc electrophoresis was performed 
using a modification of the technique described by Brewer 
and Ashworth (12). A series of reagents were prepared as 
follows:
Reagent A)
1 N HC1 24 ml
Tris(hydroxymethyl)aminomethane(Tris) 18.2 g
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N,N,N,N-tetramethylenediamine (TEMED) 0.23 ml
H 2 O to 100 ml (pH 8.9)
Reagent B)
1 M H3P04 2.56 ml
Tris 1.7 g












H?0 to 1000 ml (pH 8.3)
(50x concentrated tray buffer)
The separating gel (7.7% acrylamide) was prepared by 
mixing one part reagent A, one part reagent C, and two 
parts reagent F. The mixture was degassed and pipetted 
into glass electrophoresis tubes to within 2 cm of the top 
and overlayed with water. After the separating gel had 
polymerized and the water overlay removed, the stacking 
gel was prepared by mixing 10 ml of reagent D, 5 ml of 
reagent B, 5 ml of reagent F, and 0.01 ml of TEMED. This
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mixture was degassed and placed on top of the separating 
gel to within 1 cm of the top of the tube and then 
overlayed with water.
The sample was prepared by mixing two parts sample, 
one part glycerol, and one part reagent B, Approximately 
0.2 ml of this mixture was placed on the gels after they 
were placed in the electrophoresis reservoir. There was 
at least 10 yg of protein added to each gel.
The gels were electrophoresis at 2 milliamperes (ma) 
per gel until the tracking dye (bromphenol blue) was at 
the bottom of the stacking gel, then the current was 
raised to 4-5 ma per gel and the electrophoresis allowed 
to proceed until the tracking dye was within 3 mm of the 
bottom of the gel.
The gels were fixed in 20% sulfosalicylic acid and 
stained with a solution of fast green (0.25%), acetic acid 
(10%), and ethanol (30%). The gels were destained 
electrophoretically and scanned at 630 nm with a 0.5 mm 
slit width to detect protein.
The enzyme activity profile of the gel was determined 
by slicing the gel into 0.5 cm sections, placing each 
section in a test tube with 1 ml of 0.1 M sodium acetate 
(pH 4.5), eluting the enzyme overnight and assaying the 
enzyme activity.
Isoelectric focusing was performed in gel tubes. The 
5% acrylamide gel was prepared by mixing acrylamide (4.85 
g) and N ,N-methylene-bisacrylamide (0.15 g) in 50 ml
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deionized water, stirring with a Mixed Bed Resin, and 
filtering. To this solution 6.25 ml of Pharmalyte pH 
2.5-5.0 ampholyte (Pharmacia Fine Chemicals, Piscataway, 
NJ) and 10 ml glycerol were added. This solution was 
diluted to 99 ml followed by the addition of 0.1 ml TEMED 
and 1 ml ammonium persulphate (22.8 mg/ml). The gels are 
then cast and allowed to polymerize for 16 hours.
A 1 in 15 dilution of ampholyte in 10% sucrose was 
added to the top of the tubes and the cathode electrolyte, 
0.01 M HEPES, and anode electrolyte, 0.01 M Iminodiacetic 
acid, added to the reservoirs. The gels were prefocused 
for 20-30 minutes at 1 ma/gel rod (constant current).
The sample was prepared in a 1 in 15 dilution of 
ampholyte in 15% sucrose and layered on top of the gel 
tube. The gels were focused at 1-2 ma/gel rod (constant 
current) at a maximum voltage of 500 volts. The gels were 
focused for 9 hours with marker gels containing the 
colored protein horse spleen ferritin used to follow the 
progress of the focusing.
The gels were fixed and stained as previously 
described.
VII. Determination of Carbohydrate Content
Enzyme (1 ml) was placed in a 10 ml ultrafiltration 
apparatus and washed with 5 10-ml volumes of 0.1 M sodium 
acetate (pH 4.5) using a 50,000 Mr cutoff membrane. The 
enzyme solution (1 ml) was then dialyzed overnight against 
500 ml 6 M urea followed by 3 changes of deionized water.
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The carbohydrate content was determined by the 
phenol-sulfuric acid method (33) and the protein content 
determined by the Lowry method (70).
VIII. Effect of Cations on Activity
Solutions, 20 mM, of the cations to be tested were 
made in 0.1 M sodium acetate (pH 4.5). Then 10 yl of 
enzyme were added to 0.25 ml of each at 50°C and incubated 
for 5 minutes at which time 0.25 ml of 0.2 M sucrose in 
0.1 M sodium acetate (pH 4.5), preincubated to 50°C, was 
added. Activity was determined as described.
IX. Determination of Kinetic Constants
The K and V were determined from Lin ewe aver-Burk m max
plots (67). Three trials, each at a different enzyme 
concentration, were used to produce the Lineweaver-Burk 
plot.
The dissociation constant (K^) for 2,5-anhydro-D- 
mannitol was determined, using sucrose as the substrate, 
by the graphical method of Dixon (30). A horizontal line 
drawn through the reciprocal velocity axis at the point 
equal to 1/V x will intersect the Dixon plot at a point 
where the abscissa is equal to This is only valid
for competitive inhibition (31).
X. Glutaraldehyde Fixation
Cells were harvested by centrifugation, washed with
0.1 M sodium phosphate (pH 6.8) and then resuspended in 
the same buffer to a concentration of 19 mg (dry wt.)/ml.
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Unless otherwise indicated glutaraldehyde was added to a 
concentration of 0.5% and the suspension stirred at room 
temperature for 3.5 hours. The fixed cells were then 
washed with the phosphate buffer and stored in buffer at 
10°C.
XI. Chemical Treatment of the Fixed Cells
A number of chemical treatments were carried out in 
an attempt to increase the permeability of the cell wall 
of Kluyveromyces fragilis.
Ethyl acetate (Aldrich Chem. Co., Milwaukee, WI) 
treatment was carried out by adding 0.1 volume of solvent 
to a pellet of washed wet cells according to the method of 
Arnold (7). Fixed cells treated with ethyl acetate were 
then exposed to 0.35 mg/ml papain (Sigma Chem. Co., St. 
Louis, MO) and 1 mg/ml cysteine in 0.05 M sodium phosphate 
buffer (pH 6.2). In a separate experiment fixed cells 
without ethyl acetate treatment were exposed to 10 mM 
B-mercaptoethanol in 20 mM potassium phosphate buffer (pH
8.0) at 30°C for 45 minutes.
XII. pH Optimum of the Fixed Cells
The pH optimum for the fixed cells was determined by 
using the previously described enzyme assay by varying the 
pH. Citrate buffer replaced acetate buffer and 0.1 M 
sodium cacodylate buffer was used at pH values higher than 
5.3.
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XIII. Stability of the Fixed Cells
Suspensions were prepared by the glutaraldehyde fixed 
cells in 0.1 M sodium acetate buffer at pH 4.0, 4.5 and 
5.0. Aliquots of the suspensions were incubated at 50, 
55, 60, 65, and 70°C. Samples were withdrawn at 12 and 37 
hours and the enzyme activity determined. Half-life 
values were calculated for the fixed cells at varying pH 
and temperatures.
XIV. Half-life Determination for the Fixed Cells
A 220 ml ultrafiltration cell (Amicon Corp., 
Lexington, MA) was fitted with a 300,000 Mr cutoff 
membrane (XM-300, Amicon Corp., Lexington, MA). The cell 
containing 11.3 mg (dry wt.) of fixed cells was immersed 
in a 55°C water bath. A sucrose solution, 0.1 M sucrose 
in 0.1 M sodium acetate (pH 5.0), was passed through the 
cell at 0.75 ml/minute which produced a 97% hydrolysis of 
the sucrose. The decrease in rate of hydrolysis was 
monitored over 400 hours and the half-life determined.
XV. Extraction of Inulin from Jerusalem Artichokes
Jerusalem artichoke tubers were sliced and the 500 g 
of Jerusalem artichoke was combined with 500 ml of water. 
The mixture was warmed to 80 °C and macerated in a Waring 
blender. After straining through cheese cloth the 
filtrate was heated to 90°C to precipitate the proteins. 
The precipitate was removed by centrifugation (10,000 x g 
for 10 minutes) and the solution was concentrated in a
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rotary evaporator. The solution was adjusted to pH 5.0
with sulfuric acid prior to hydrolysis.
XVI. Hydrolysis of Inulin by Fixed Cells
In all hydrolysis experiments aliquots were taken 
with time and diluted with 0.1 M NaOH to stop the 
reaction. The resulting reducing sugar was measured by 
the dinitrosalicylic acid assay. Polyfructan
concentrations in the initial Jerusalem artichoke extract 
was determined by taking an aliquot, adjusting to pH 2.0 
with sulfuric acid, placing the sample in a boiling water 
bath for 30 minutes to hydrolyze the polyfructans (47). 
The reducing sugar produced was determined by the 
dinitrosalicylic acid assay. The ratio of glucose to
fructose was determined by HPLC using an Aminex HPX-87C 
column (Bio-Rad Laboratories, Richmond, CA) at 85°C at a
flow rate of 0.6 ml/minute with water as the solvent.
RESULTS
I. Regulation of B-Fructofuranosidase Synthesis
Regulation of invertase in Saccharomyces cerevisiae 
appears to be based on glucose repression (76). Glucose 
and other sugars have been found to inhibit 
B-fructofuranosidase synthesis in Kluyveromyces fragilis 
(22). A specific inducer of B-fructofuranosidase 
synthesis has not been found.
When Kluyveromyces fragilis is grown using inulin as 
the sole carbon source B-fructofuranosidase is produced 
(47,82,98). A study of the culture conditions required 
for enzyme production using a modification of the defined 
medium described by Snyder and Phaff (98) for the growth 
of Kluyveromyces fragilis was carried out. They developed 
this medium in order to avoid adding complex organic 
nutrients since they were attempting to isolate the 
B-fructofuranosidase from the culture supernatant fluid. 
Because they were working without pH control they chose to 
use ammonium phosphate (monobasic) as the nitrogen source 
with succinate buffer added in order to limit the pH drop. 
Since all growth measurements were conducted under pH 
control ammonium sulfate was chosen as the nitrogen source 
and succinate was omitted. The trace element sodium 
vanadate was found to be nonessential and was also 
omitted.
The optimum pH for cell growth and enzyme production 
was found to be pH 4.9 (Figure 1). Enzyme production at
38
39
Figure 1. Cell growth (closed circles) and cell- 
associated enzyme production (open circles) 
with Kluyveromyces fragilis (ATCC 12424) as 
a function of pH during batch growth with 
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pH 4.9 with 1% inulin as the carbon source closely 
paralleled cell growth as had been previously observed 
(82). An increase in the specific activity, unit enzyme 
activity per mg yeast dry weight, from approximately 1600 
at 24 hours to 4000 at 33 hours was observed (Figure 2).
When glucose was used as the carbon source the lag 
period was much shorter (Figure 3) but enzyme activity did 
not appear until the glucose concentration fell below 3.3 
mg/ml. After the initial appearance of
B-fructofuranosidase activity the enzyme production 
paralleled cell growth starting at a specific activity of 
29 units/mg at 12 hours and increasing to 220 units/mg at 
18 hours. This is still well below the specific activity 
observed when inulin was the carbon source. Enzyme 
activity was found in the culture supernatant fluid but at 
no time during the fermentation did it account for more 
than 14% of the total enzyme activity.
When fructose was the carbon source the results were 
similar to those observed with glucose (Figure 4). Again, 
as soon as the carbon source was nearly depleted enzyme 
synthesis was observed with the initial specific activity 
at 39 units/mg cell dry weight at 14 hours which increased 
to 278 units/mg at 18 hours. The enzyme activity found in 
the culture supernant was never greater than 20% of the 
total enzyme activity.
From these results it appears that inulin may be a 
possible inducer, but this is unlikely due to its large
42
Figure 2. Batch growth of Kluyveromyces fragilis (ATCC 
12424) at pH 4.9” 30°C, under aerobic 
conditions with 1% inulin as the sole carbon 
source. Cell concentration, mg dry weight/ml, 
(closed circles) and cell-associated enzyme 

























Batch growth of Kluyveromyces fragilis (ATCC 
12424) at pH 4.9~ 30°C, under aerobic 
conditions with 1% glucose as the sole carbon 
source. Cell concentration, mg dry weight/ml, 
(closed circles), cell-associated enzyme 
concentration, units/ml, (closed boxes), and 
glucose concentration, mg/ml, (open circles) as 






Figure 4. Batch growth of Kluyveromyces fragilis (ATCC 
12424) at pH 4.9~ 306C, under aerobic 
conditions with 1% fructose as the sole carbon 
source. Cell concentration, mg dry weight/ml, 
(closed circles), cell-associated enzyme 
concentration, units/ml, (closed boxes), and 
fructose concentration, mg/ml, (open circles) 







The enzymatic hydrolysis of inulin is slow compared
to the hydrolysis of sucrose. With this in mind, cultures
were grown under fructose limitation in order to mimic the 
hydrolysis of inulin.
A standard culture was prepared without a carbon 
source and inoculated. After 10 hours, a period equal in 
length to the lag period in batch culture, a carbon 
source, 57 mg/ml fructose, was added to the culture at 
0.17 ml/minute (Figure 5). At 42 hours the amount of
fructose added to the culture was equivalent to that found 
in a 1% fructose culture medium. There was a lag period 
of approximately 12 hours after the addition of fructose 
was started. During this period the fructose accumulated 
in the fermentor, but was soon depleted due to cell
growth. This was followed by the initiation of
B-fructofuranosidase synthesis. The final cell
concentration was significantly higher than that observed 
in batch culture. The specific activity of cells was
approximately 2000 units/mg cell dry weight at 42 hours 
when the fructose addition ceased and continued to rise to 
a final value of 2500 at 50 hours. At no time was the
activity in the culture supernant greater than 18% of the 
total culture activity.
In a similar experiment a batch culture was grown on 
the defined medium containing 0.5% fructose as the carbon 
source. Following fructose depletion a fructose solution,
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Figure 5. Kluyveromyces fragilis (ATCC 12424) grown
under fructose limiting conditions. The 1.7 
liter culture was prepared as usual except for 
the omission of the carbon source. After 
inoculation and following a 10 hour incubation 
period, a 57 mg/ml solution of fructose was 
added at 0.17 ml/minute. At 42 hours the 
amount of fructose added to the culture was 
equal to the amount found in a 1% fructose 
culture medium. Cell concentration, mg dry 
weight/ml, (closed circles), cell-associated 
enzyme concentration, units/ml, (closed boxes), 
enzyme concentration in culture supernatant 
fluid (open boxes), and fructose concentration, 




















57 mg/ml, was fed into the system at 0.17 mg/ml. The 
fructose feed was started at 16 hours when the cell 
concentration was 1.6 mg/dry weight/ml (Figure 6). The 
enzyme levels increased rapidly following the initiation 
of the fructose feed and soon paralleled cell growth. The 
cell concentration at 42 hours was slightly higher than in
the previous, fructose limited, culture. The specific
activity of the cells at 42 hours was 3100 units/mg dry 
weight which is significantly higher than with the
previous fructose limited culture. The fructose addition 
was continued for 65 hours with the culture sporulating at 
44 hours. There was a significant increase in specific 
activity following sporulation. A linear increase in the 
enzyme activity found in the culture supernant was
observed with the supernant activity accounting for 30% of 
the total culture activity following sporulation.
Slowing the rate of fructose fed to one-half of the 
rate used in Figure 6 resulted in only 63% of the cell 
mass previously obtained at 42 hours with no increase in 
the specific activity (Figure 7). At no time was the 
activity in the culture filtrate greater than 26% of the 
total culture activity.
When fructose was fed to the culture at a rate 3 
times faster than the rate used in Figure 6 the cell 
concentration was 1.8 times greater at 42 hours but the 
cell-associated enzyme specific activity was similar 
(Figure 8). At no time did the enzyme activity in the
52
Figure 6. Kluyveromyces fragilis (ATCC 12424) grown under 
fructose limiting conditions. The 1.7 liter 
culture was prepared as usual except 0.5% 
fructose was added as the carbon source. At 16 
hours after the inoculation when the fructose 
concentration had fallen to zero, a 57 mg/ml 
fructose solution was added at 0.17 ml/minute. 
At 44 hours the culture sporulated. Cell 
concentration, mg dry weight/ml, (closed 
circles), cell-associated enzyme concentration, 
units/ml, (closed boxes), and enzyme 
concentration in culture supernatant fluid, 



















Figure 7. Kluyveromyces fragilis (ATCC 12424) grown under 
fructose limiting conditions. The 1.7 liter 
culture was prepared as usual except 0.5% 
fructose was added as the carbon source. At 
the 16 hours after the inoculation when the 
fructose concentration had fallen to zero, a 28 
mg/ml fructose solution was added at 0.17 
ml/minute. Cell concentration, mg dry 
weight/ml, (closed circles), cell-associated 
enzyme concentration, units/ml, (closed boxes), 
and enzyme concentration in culture supernatant 
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Figure 8. Kluyveromyces fragilis (ATCC 12424) grown under 
fructose limiting conditions. The 1.7 liter 
culture was prepared as usual except 0.5% 
fructose was added as the carbon source. At 16 
hours after the inoculation when the fructose 
concentration had fallen to zero, a 170 mg/ml 
fructose solution was added at 0.17 ml/minute. 
Cell concentration, mg dry weight/ml, (closed 
circles), cell-associated enzyme concentration, 
units/ml, (closed boxes), and enzyme 
concentration in culture supernatant fluid, 



















culture supernatant fluid exceed 11% of the total culture 
activity.
Sodium fluoride has been shown to increase 
intracellular cAMP levels in Saccharomyces cerevisiae 
(114). A 1% glucose medium was prepared and inoculated 
with Kluyveromyces fragilis. The glucose concentration 
began to fall as the culture began exponential growth and 
beginning at 8 hours a 53 mg/ml solution of sodium 
fluoride was fed into the system at a rate of 0.83 
ml/minute in order to determine whether cAMP was involved 
in B-fructofuranosidase regulation in Kluyveromyces 
fragilis. As Figure 9 illustrates, cell growth stopped at 
18 hours with a cell concentration of 1.64 mg dry 
weight/ml and a remaining glucose concentration of 
approximately 4 mg/ml. At no time was enzyme activity 
detected in the culture.
Transport of monosaccharides in Kluyveromyces 
fragilis is by active transport (63). The uranyl ion, 
UC>2 ++, will inhibit transport across the plasmalemma (9). 
For these reasons a culture was grown in the presence of 
uranyl acetate in order to inhibit glucose transport and 
determine whether glucose must enter the cell in order to 
repress B-fructofuranosidase synthesis. A 1% glucose 
medium was prepared and inoculated. At 8 hours a uranyl 
acetate solution, 22 mg/ml, was added to the system at 0.3 
ml/minute. The cell concentration at 18 hours was 3.9 mg 
dry weight/ml which is much higher than the concentration
59
Figure 9. Batch growth of Kluyveromyces fragilis (ATCC
12424) at pH 4.9~ 30°C, under aerobic
conditions with 1% glucose as the sole carbon
source. At 8 hours a 53 mg/ml NaF solution was 
fed into the system at a rate of 0.083 
ml/minute. Cell concentration, mg dry 
weight/ml, (closed circles) and glucose 





















obtained without uranyl acetate (Figure 10). The specific 
activity for the cell associated enzyme activity was 51 
units/mg dry weight of cells. This is only 23% of the 
enzyme level found with cells grown in batch culture with 
glucose as the carbon source. The pattern of glucose 
depletion was similar to that observed without uranyl 
acetate suggesting that the transport of glucose was not 
inhibited.
II. Purification and Properties of the 
g-Fructofuranosidase
Enzyme for the kinetic studies was produced by 
growing Kluyveromyces fragilis (ATCC 1242.4) under aerobic 
conditions on a modification of the medium described by 
Snyder and Phaff (98) containing 1% inulin as the sole 
carbon source.
Treatment of Kluyveromyces fragilis with reducing 
agents results in the release of proteins localized in the 
cell wall (57,58). As illustrated in Figure 11, when 
cells of Kluyveromyces fragilis were suspended in 50 mM 
potassium phosphate buffer (pH 8.0) at a concentration of 
0.85 mg dry weight/ml with the addition of 
g-mercaptoethanol to a concentration of 5 mM, 60% of the 
enzyme was released in 45 minutes. Release of 
g-fructofuranosidase by g-mercaptoethanol was used 
routinely to produce the crude enzyme extract for further 
purification. This treatment in itself resulted in a 
significant purification such that only 26 proteins, as
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Figure 10. Batch growth of Kluyveromyce s fragilis (ATCC 
12A2A) at pH A.9, 30°C, under aerobic 
conditions with 1% glugose as the sole carbon 
source. At 8 hours a 22 mg/ml uranyl acetate 
solution was fed into the system at 0.3 
ml/minute. Cell concentration, mg dry 
weight/ml, (closed circles), cell-associated 
enzyme concentration units/ml, (closed boxes), 
and glucose concentration, mg/ml, (open 








Figure 11. Release of g-fructofuranosidase (solid line) 
upon treatment of a K. fragilis cell 
suspension, 0.85 mg clry wt./ml in 50 mM 
potassium phosphate (pH 8.0), with 5 mM 
3-mercaptoethanol at 30°C. Theoretical 100% 








determined by polyacrylamide disc electrophoresis, were 
found in the crude extract.
When attempts were made to immobilize the crude 
extract to glutaraldehyde treated activated carbon only 
20% of the enzyme activity was bound to the support while 
56% of the protein was bound. This resulted in an 
unexpectedly large increase in the specific activity of 
the remaining enzyme. Electrophoresis of the supernate 
from the activated carbon immobilization showed only one 
broad band (Figure 12). This band showed 
3-fructofuranosid.ase activity when stained for invertase 
activity.
As an alternative purification, the crude extract was 
adsorbed to DEAE-cellulose and subsequently eluted with a 
salt gradient (Figure 13). Only one protein peak was 
observed on elution which corresponded to the enzyme 
activity. When this peak was resolved by polyacrylamide 
disc electrophoresis only one protein band was found 
(Figure 12).
A third method of purification was used where the 
crude extract was adsorbed to immobilized Concanovalin A, 
washed with buffer, and subsequently released with 
a-methyl-D-mannoside. This produced a preparation showing 
only one protein by polyacrylamide disc electrophoresis.
The glutaraldehyde-activated carbon, Con-A affinity 
chromatography, and DEAE-cellulose preparations had 
specific activities of 8.11 x 10^, 5.85 x 10^, and 4.46 x
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Figure 12. Gel scan of polyacrylamide disc electrophoresis 
gels performed on enzyme purified by 
DEAE-cellulose ion exchange chromatography (A) 



















Figure 13. Elution profile of a DEAE-cellulose ion
exchange column. The column was equilibrated 
with 20 mM potassium phosphate (pH 8.0). Crude 
extract was adsorbed to the column and 
subsequently eluted with a 200 ml NaCl 
gradient, 0.0M-0.3M NaCl in 20 mM potassium 
phosphate (pH 8.0), while collecting 3 ml 
fractions. (solid line) and enzyme
activity (broken line) plotted against 
fraction number. The bracket indicates pooled 




























510* units/mg protein respectively. This suggests that 
some of the preparations may not actually be homogeneous.
As a second criteria for purity isoelectric focusing 
(IEF) was chosen. The glutaraldehyde-activated carbon 
preparation was found to be a homogeneous protein solution 
with a pi of approximately 4.0, while the DEAE-cellulose 
preparation was resolved into six bands by IEF (Figure 
14). Similarly, the Con-A affinity chromatography 
preparation was separated into four band by IEF.
Sucrose was chosen as the substrate for the enzyme 
studies because inulin activity was found to be substrate 
limited at concentrations normally employed for enzymatic 
assay (Figure 15).
Following purification of the enzyme by 
glutaraldehyde-activated carbon treatment an S/I ratios 
(sucrose hydrolyzing activity/inulin hydrolyzing activity) 
of 26 was obtained. Raffinose is hydrolyzed by the enzyme 
to produce fructose and melibiose. An R/I ratio 
(raffinose hydrolyzing activity/inulin hydrolyzing 
activity) of 3.5 was obtained for the same enzyme 
preparation.
The enzyme was found to be a glycoprotein, 66% 
carbohydrate by weight, with a pH optimum of 4.5 (Figure 
16). At pH 4.5, the enzyme exhibited a thermostability 
optimum of 50°C (Figure 17). A variety of cations were
tested for their ability to inhibit the enzyme (Table I)
+4- 4* ++ ++with Hg , Ag , Cu , and Cd exhibiting a marked
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Figure 14. Gel scan of isoelectric focusing gels performed 
on enzyme purified by DEAE-cellulose ion 
exchange chromatography (A) and 

















Figure 15. Unit activity vs. inulin concentration. Each 
point is the average of three trials with the 
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Figure 16. Enzyme activity as a function of pH.
UNITS / ml
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Figure 17. Thermal stability at 50°C (closed circles), 
55°C (open boxes), and 60°C (closed boxes).
log % INITIAL UNITS/ml




inhibition of the enzyme.
Table I












The Michaelis-Henten constant (Km ) was determi.ned for 
both sucrose and raffinose (Table II).
Fructose was found to be non-inhibitory for the 
B-fructofuranosidase from Kluyveromyces fragilis up to a 
concentration of 100 mM when sucrose was the substrate. 
Studies using 2,5-anhydro-D-mannitol (Figure 18), a 
non-reducing fructose analog in the furanose 
configuration, led to the observation that this analog 
exerted a competitive inhibition on the 
B-fructofuranosidase of Kluyveromyces fragilis when 
sucrose was the substrate, with a dissociation constant,
81
Figure 18. Molecular structure of glucose,


















Kinetic Parameters of the 8-Fructofuranosidase
Substrate
Sucrose




Sucrose 4.5 35,400 21.0(±1.4)
Raffinose 5.0 17,700 46.1(±1.6)
aValues obtained at a protein concentration of 0.041 
mg/ml.
bStandard deviations are indicated in parentheses.
K^, of 40 mM (Figure 19). These results suggest that the 
enzyme is inhibited by the furanose configuration of 
fructose but not the pyranose configuration.
III. The Relationship of the g-fructofuranosidase to the
The use of immobilized whole yeast cells for the 
hydrolysis of inulin seems attractive when one considers 
that it removes the necessity of purifying and 
concentrating the soluble enzyme and provides it in a 
reusable form. However, the diffusion of inulin through 
the cell wall is partially inhibited (98) and thus does 
not allow the cell to realize the full potential of its 
enzyme activity.
An attempt to permeabilize the cell wall with ethyl 
acetate was made. The ethyl acetate treatment resulted in 
97% of the cell associated enzyme activity being released 
into the supernatant fluid. The cells were then treated
Cell Wall
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Figure 19. Dixon plot using 5 mM sucrose (closed boxes) 
and 7 mM sucrose (closed circles) as the 
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with 3% glutaraldehyde prior to ethyl acetate treatment in 
order to fix the enzyme to the cell. The S/I ratio of 
untreated cells was 60 and the S/I ratio of the 
glutaraldehyde treated cells was also 60. Using S/I 
ratios, it was found that ethyl acetate treatment did not 
increase the permeability of the cell wall towards inulin. 
Treatment of the glutaraldehyde fixed cells with 
B-mercaptoethanol or ethyl acetate followed by papain and 
cysteine also did not result in an increased permeability.
Glutaraldehyde fixation did not inhibit the enzyme 
activity or alter the specific activity of the enzyme in 
the yeast cells. Sucrose and raffinose were found to pass 
freely through the cell wall after glutaraldehyde 
fixation. The Michaelis-Menten constants (Km ) of the 
fixed cells towards sucrose and raffinose at pH 5.0 were 
found to be identical to those found for the free enzyme 
(Table III).
Table III
Comparison of the K (mM) of the Soluble Enzyme with 
that of the Glutaraldehyde Fixed Cells
Substrate Free Enzyme Fixed Cells
Sucrose 13.6 13.4
Raffinose 46.1 45.4
Induced cells were washed, suspended in 0.1 M sodium 
phosphate buffer (pH 6.8) and then sonicated for 15 
minutes releasing 46% of the enzyme. The sonicated
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suspension was treated with glutaraldehyde and centrifuged 
to remove the remaining cells and cell debris. There was 
no increase in the enzyme activity associated with the 
cell debris nor was there any decrease in enzyme activity 
in the supernant. The supernant was tested by 
polyacrylamide gel electrophoresis with the resulting 
migration pattern for the enzyme in glutaraldehyde treated 
sonicate being similar to that for the control (Figure 20) 
indicating that the released enzyme was not attached to 
some other component which would affect its 
electrophoretic mobility.
IV. Enzymatic Hydrolysis of Inulin to Fructose by 
Glutaraldehyde Fixed Yeast Cells
It was found that when viable cells of Kluyveromyces 
fragilis were treated with 3% glutaraldehyde no decrease 
in enzyme activity towards sucrose, raffinose, or inulin 
occurred (Table IV) indicating that the cell wall was not 
cross linked to such an extent that it inhibited the 
diffusion of these sugars. The effectiveness of various 
concentrations of glutaraldehyde in fixing the enzyme 
within the cell was determined by using ethyl acetate 
release as the criteria for fixation. Glutaraldehyde 
concentrations of 2%, 1 % and 0.5% were effective in
rendering the cells completely resistant to ethyl acetate. 
Cells fixed at any of these glutaraldehyde concentrations 
also did not release enzyme upon incubation at 50°C in 0.1 
M sodium acetate for 90 hours. A glutaraldehyde
88
Figure 20. Comparison of the migration distance of the 
g-fructofuranosidase activity between 
glutaraldehyde-treated (A) and untreated (B) 
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concentration of 0.5% was chosen for all further work.
Sonication of the glutaraldehyde fixed cells for 20 
minutes did not destroy or cause a loss of any of the 
enzyme activity in the fixed cells. Neither was an 
increase in the permeability of the cells to inulin 
observed suggesting that minimal alteration of the cell 
wall structure occurred.
The pH optimum of the fixed cells for sucrose was pH 
4.0 and for inulin pH 4.25-4.5 (Figure 21).
Table IV
Comparison of the Enzyme Activities (Units/ml) Found 
for Untreated and Glutaraldehyde Fixed Cells




Because of a greater stability of the immobilized 
enzyme preparation at pH 5.0 (Table V) the half-life 
determination was conducted at that pH. The half-life of 
the fixed enzyme preparation at pH 5.0 and 55°C was found 
to be 623 hours (Figure 22).
The glutaraldehyde fixed cells exhibited a of 13.4 
mM for sucrose (Figure 23) and 45.4 mM for raffinose 
(Figure 24) at pH 5.0 and 50°C.
The fixed cells were found to rapidly hydrolyze 
sucrose. A 2.7% (dry wt./volume) cell suspension, 
containing 67,000 sucrose units/ml, completely hydrolyzed
91
Figure 21. pH optimum for sucrose (closed boxes) and 











Figure 22. Log (% hydrolysis/10) versus time at 55°C and
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Figure 23. Lineweaver-Burk plot used to calculate the
of the fixed cell preparation (closed boxes) 
and free enzyme (closed circles) for sucrose.
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Figure 24. Lineweaver-Burk plot used to calculate the Km 
of the fixed cell preparation (closed boxes) 
and free enzyme (closed circles) for raffinose.
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a 47.5% sucrose solution, at pH 5.0 and 55°C, in 26 
minutes (Figure 25).
Varying concentrations of inulin were hydrolyzed 
using a 9.5% (dry wt./volume) cell suspension (Figure 26). 
It was found that this suspension, containing 310,000 
sucrose units/ml, was capable of producing a 96% 
hydrolysis of 10% dahlia inulin in 10.5 hours.
In order to determine the affect of fructose on the 
enzyme reaction, 10% inulin was hydrolyzed in the presence 
of varying fructose concentrations (Figure 27). The 
results indicate that fructose does exhibit an inhibition 
on the reaction.
Jerusalem artichoke extract containing 16.8% 
carbohydrate was also completely hydrolyzed in 3.5 hours 
using an 0.24% (dry wt./volume), containing 8,700 sucrose 
units/ml, at pH 5.0 and 55°C (Figure 28) to produce a 
solution in which 75% of the reducing sugar was fructose.
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Table V
Affect of Temperature and pH on the Stability 
of the Immobilized Enzyme












^ND: Mo decrease in enzyme activity detected.
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Figure 25. Percent hydrolysis versus time for a 47.5% 
















Figure 26. Hydrolysis of inulin at 10% (open circles), 
7.5% (open boxes), 5% (closed circles), and 
2.5% (closed boxes) concentrations.
REDUCING SUGAR ( g / 1 0 0  ml)
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Figure 27. Hydrolysis of 10% inulin in the presence of
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DISCUSSION
I. Regulation of B-Fructofuranosidase Synthesis
The growth of Kluyveromyces fragilis on inulin 
resulted in B-fructofuranosidase synthesis which 
paralleled cell growth. Previous studies have suggested 
that enzyme synthesis is regulated by a repression 
mechanism rather than by induction (22) .
The results indicate that enzyme synthesis is 
inhibited by glucose and fructose until their 
concentrations drop below 3.3 mg/ml. This is in agreement 
with the observations of Davies (22). It also suggests 
that the reduced rate of hydrolysis of inulin, compared to 
sucrose (98), combined with the reduced permeability 
towards inulin of the cell wall of the Kluyveromyces 
fragilis (98) results in such a slow hydrolysis rate 
that the cell is always under carbon starvation 
conditions. The cells were grown under fructose limited 
conditions in order to duplicate what occurs during growth 
on inulin. A linear feed method of fructose addition was 
chosen over gradient-feed and continuous culture 
techniques, based on the ability to hold the unit fructose 
added per unit time constant with a steadily increasing 
cell concentrations. By this method the affect of cell 
concentration per unit fructose on enzyme production could 
be observed. The specific activity of the cells averaged 
3000 units/mg dry weight which is approximately 75% of the 
specific activity observed with inulin grown cells. At
109
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one time a fructose limited culture sporulated with a 
resulting specific activity close to that observed for 
inulin grown cells. This may be a result of a loss of 
material to the culture medium from the sporulated cell 
rather than an increase in enzyme production. Changes in 
the growth rate seem to have little affect on the specific 
activity. This indicated that a "starvation" level of 
hexose was more important than the growth rate. The 
increased amount of cell mass observed under fructose 
limitation as compared to batch growth illustrated the 
more efficient utilization of carbon source under carbon 
limitation. The reason for the inability to obtain 
specific activities under fructose limitation equal to 
that obtained with a batch culture grown on inulin is not 
clearly visible. GrootWassink and Fleming (47) found, 
using continuous culture and a medium consisting of 1% 
sucrose and 0.5% yeast extract at a dilution rate of 0.09 
h”^f they could produce twice the activity per unit cell 
mass than that obtained from inulin in batch culture. 
They presented this as an industrial method for 
8-fructofuranosidase production from Kluyveromyces 
fragilis. The fact that they were using sucrose as the 
substrate with the 8-fructofuranosidase being required for 
sucrose utilization may have regulated the system in a way 
in which we are not aware. GrootWassink and Fleming found 
that at this slow dilution rate 50% of the activity was 
cell-associated while the rest was found in the culture
Ill
medium. This caused some problems with the economic 
feasibility of the system since it was based on cell 
recovery and further purification of the enzyme from the 
cells for industrial use. The enzyme found in the culture 
medium was identical to that associated with the cells 
and, thus, possibly became detached from its original 
location in the cell wall (47). Our results indicate that 
it was not necessary to grow the cells under carbon
limitation from the moment of inoculation in order to 
obtain maximum enzyme production. If the cells were grown 
in batch culture initially and then sxtfitched to a carbon 
limited growth similar levels of enzyme can be obtained in 
the same time period as was observed for cultures grown 
solely under carbon limitation. We suggest that the 
GrootWassink and Fleming system should be modified such
that a multi-reactor system be used where the first 
reactor is a continuous culture, operated at the maximum 
dilution rate for cell mass production followed by one or 
more reactors used primarily for holding the stationary 
phase cells with a maintenance feed of the carbon source 
to the stationary phase reactors in order to increase the 
cell associated enzyme levels.
No inducer for g-fructofuranosidase production has 
yet been found. Enzyme production is repressed in the 
presence of readily utilized carbon source until the 
concentration of such sources in the culture drop to very
low levels. This suggests that the energy level of the
1 1 2
cell may play a role in the regulation of $-fructofurano- 
sidase in Kluyveromyces fragilis. This energy level could 
be expressed as cAMP levels. The addition of cAMP has 
been shown to remove the glucose repression of 
g-galactosidase synthesis in Escherichia coli in 
non-growing Tris/EDTA-treated cells at 1 mM cAMP 
concentration (87) and in normally permeable cells at 5 
mM cAMP concentration (105). Yeast has been shown to 
increase its intracellular cAiMP concentration during 
adaptation to maltose utilization after a period of 
catabolite repression by 21 (w/v) glucose (106). The
addition of 10 mM cAMP to Brewer's yeast protoplasts has 
been shown to remove a similar glucose repression of 
a-glucosidase synthesis in the presence of 2% glucose plus 
4% (w/v) maltose (113).
Stimulation of adenylate cyclases isolated from 
mammalian sources by low concentrations of fluoride has 
been extensively documented (56). A relatively small 
stimulation, 40%, was later reported for the 
cytoplasmic-membrane located adenylate cyclase in Baker's 
yeast using a 10 mM concentration of sodium fluoride (69). 
Wiseman and Lim (114) have demonstrated that sodium 
fluoride can lift the glucose repression of a-glucosidase 
in growing or non-growing Brewer's yeast.
In order to determine the affects cAMP upon 
3-fructofuranosidase synthesis in Kluyveromyces fragilis a 
batch culture was grown on a 1% glucose medium with a
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linear sodium fluoride feed. The purpose of setting the 
culture up in this manner is due to the fact that not only 
was it unknown whether sodium fluoride would release the 
catabolite repression but the exact concentration of 
sodium fluoride required was unknown. By using a linear 
feed of sodium fluoride one could look for the initiation 
of enzyme synthesis when the sodium fluoride concentration 
became favorable.
As illustrated in Figure 9, no enzyme synthesis was 
observed prior to the point of growth inhibition. Along 
with the cessation of growth the metabolism of glucose 
also ceased. The fluoride ion has been found to inhibit 
glycolysis in the mammalian systems bringing about a
hyperglycemic state (32) and one might assume this is the 
mechanism of inhibition in yeast.
These results suggest that cAMP levels are not
responsible for 6-fructofuranosidase regulation but this 
cannot be held as conclusive unless cAMP levels are
actually measured. It is interesting to note that not all 
researchers agree with the postulated function of cAMP as 
a positive regulator in yeast (72). In Kluyveromyces 
fragilis no simple correlation has emerged between 
nucleotide levels and adenyl cyclase levels (104) and
although cAMP binding proteins have been shown to be 
present in several yeast strains, and have been purified 
from Kluyveromyces fragilis, these studies failed to 
establish a functional role for them (103). These
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observations suggest that it may not be unusual for sodium 
fluoride to increase cAMP levels and yet not release the 
repression observed in the presence of glucose.
The transport of monosaccharides into Kluyveromyces
fragilis occurs by an active process (63). It has also
been found that inhibitors of transport across the
++plasmalemma, such as uranyl ions (UC^ ) greatly reduce 
the rate of utilization of sugars by yeast (9,10). A 
batch culture of Kluyveromyces fragilis was grown on a 1% 
glucose medium with a linear feed of uranyl acetate. The 
intention was to have the uranyl ion concentration slowly 
approach a level where the active transport properties of 
the cell were reduced, such that glucose was being 
transported slowly enough that the cells were growing 
under carbon limitation, thus, one would expect to observe 
the initiation of 8-fructofuranosidase synthesis in a 
medium containing repressive quantities of glucose.
The assimilation of glucose in the presence of uranyl 
ion occurred at a rate similar to that observed for batch 
growth. The increase in cell mass beyond what is normally 
observed during batch growth was unexpected. The reduced 
enzyme activity in this culture may be explained by the 
possible binding of uranyl ions by the 8-fructofurano- 
sidase resulting in an inactivation. Such an inactivation 
has been shown with invertase (28).
The exact mechanism of 6-fructofuranosidase 
regulation in both Saccharomyces cerevisiae and
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Kluyveromyces fragilis remains unexplained. Mutational 
strain improvement of Kluyveromyces fragilis for the 
constitutive production of B-fructofuranosidase has not 
been investigated thoroughly. Methods such as growth on 
raffinose-2-deoxyglucose medium (118) and growth on 
fructose repressive agar, misted with sucrose solution, 
and screened with glucose oxidase assay for glucose (75) 
have been used successfully for isolating mutants of 
Saccharomyces cerevisiae resistant to carbon catabolite 
repression. Such methods could be applied to the 
isolation of a mutant of Kluyveromyces fragilis resistant 
to hexose repression of g-fructofuranosidase synthesis.
Until such time that catabolite repression resistant 
mutants are available, the industrial production of 
B-fructofuranosidase from Kluyveromyces fragilis can only 
be made feasible by the use of inulin as the carbon source 
or by using fermentation techniques utilizing carbon 
limited growth.
II. Purification and Properties of the B-Fructofurano- 
sidase
The use of chemically immobilized enzymes in the 
production of food products is presently limited to 
adsorption of the enzyme to FDA approved supports by 
noncovalent bonds, with covalent linkage by glutaraldehyde 
under petition (29). Activated carbon and glutaraldehyde 
have been used successfully in the immobilization of 
enzymes (19). In anticipation that such a system would
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gain FDA approval, our initial studies involved 
immobilizing the B-mercaptoethanol released crude extract 
to activated carbon with glutaraldehyde. Such attempts 
proved to unsuccessful with only 20% of the enzyme 
activity becoming associated with the support. Attempts 
to immobilize the enzyme to aklylamine porous glass (108) 
with glutaraldehyde proved to be equally futile. These 
findings suggest that the B-fructofuranosidase of 
Kluyveromyces fragilis is nonreactive with glutaraldehyde 
which is in direct contradiction with the observations of 
Kim ejt a_l (62) who reported the immobilization of the 
B-fructofuranosidase of K. fragilis to silanized tygon 
tubing and aminoethylcellulose with glutaraldehyde.
Although the immobilization to activated carbon 
proved unsuccessful an unexpectedly large increase in the 
specific activity of the remaining supernatant fluid 
resulted. Only one protein band appeared upon 
polyacrylamide disc electrophoresis suggesting that the 
preparation, was homogeneous.
Traditional methods of protein purification were used 
in an attempt to isolate the B-fructofuranosidase. When 
the crude extract was adsorbed to DEAE-cellulose and 
subsequently eluted only one protein peak was observed 
which corresponded to the enzyme activity. This 
preparation existed as one protein band on polyacrylamide 
disc electrophoresis suggesting that it was homogeneous.
Because it is quite common for extracellular enzymes
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of yeast to be glycoproteins containing a mannan moiety, 
affinity chromatography using immobilized Concanavalin A 
(Con-A), a lectin which binds glucose and mannose, was 
used in an attempt to separate the enzyme from all the 
non-glycosylated proteins released by B-mercaptoethanol. 
The enzyme did bind to the immobilized Con-A column and 
was eluted with a-methyl-D-mannoside. Once again the 
eluted enzyme appeared as one protein band on 
polyacrylamide disc electrophoresis suggesting that the 
preparation was homogeneous.
Initially it would appear that three methods of 
isolating the B-fructofuranosidase had been developed.
The fact that specific activities of 8.11 x 10^, 5.85 x
5 510 , and 4.46 x 10 units/mg protein were obtained for the
activated carbon-glutaraldehyde, Con-A affinity
chromatography, and DEAE-cellulose preparations
respective^ questioned the purity of the preparations.
It was clearly evident that a second criteria of 
purity was needed and isoelectric focusing (IEF) was 
chosen. Under such conditions the DEAE-cellulose 
preparation was resolved into six protein bands, the Con-A 
affinity chromatography preparations was resolved into 
four bands, and the activated carbon-glutaraldehyde 
preparation existed as one protein band upon isoelectric 
focusing.
The four proteins observed upon isoelectric focusing 
in the Con-A preparation was not unexpected. It had
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seemed unusual that with the numerous proteins released by 
3-mercaptoethanol treatment, 26 observed by polyacrylamide 
disc electrophoresis which corresponds with the 22 
observed by Davies and Wayman (26) many of which were 
glycoproteins, that Con-A would bind only one of the 
proteins as observed upon polyacrylamide disc 
electrophoresis.
Following isoelectric focusing of the DEAE-cellulose 
preparation it was easy to understand why the 
contaminating proteins were not separated by 
DEAE-cellulose ion exchange chromatography or 
polyacrylamide disc electrophoresis. With isoelectric 
points as close together as those observed it does not 
seem unusual that all the proteins eluted from 
DEAE-cellulose as a single peak and if their molecular 
weights were similar they would migrate together upon 
electrophoresis. Only when given the time to resolve into 
their own isoelectric points did one realize that the 
DEAE-cellulose preparation was not homogeneous.
The mechanism by which the activated 
carbon-glutaraldehyde treatment produced a homogeneous 
solution is not fully understood. The contaminating 
proteins could be removed from the supernatant fluid by 
covalent binding with glutaraldehyde, nonspecific 
adsorption to the activated carbon, non-specific 
adsorption to protein already bound by glutaraldehyde, or 
a combination thereof.
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These results are significant when one considers that 
polyacrylamide disc electrophoresis has been used 
routinely in determining purity in previous work with the 
3-fructofuranosidase from Kluyveromyces fragilis (40,79). 
Fleming and GrootWassink (40), without providing any data, 
claimed that they had isolated the 3-fructofuranosidase 
from Kluyveromyces fragilis citing the elution of the 
enzyme from DEAE-cellulose as a single peak and a single 
protein band on polyacrylamide disc electrophoresis as 
their criteria of homogeneity. Our results have indicated 
that the use of these methods as the sole criteria for 
purity is unacceptable.
A uniform assay condition has not been settled upon
by researchers in the field of inulin hydrolysis hampering
comparative studies. Sucrose was chosen as the substrate
for our enzyme studies because inulin activity was found
to be substrate limited at the concentrations normally
employed for enzymatic assay (47,82,98). The limited
solubility of inulin also prevented a reliable
determination of the K and V   on this compound (47).m max
The inulin and sucrose hydrolyzing activities are 
commonly regarded as properties of the same protein (82). 
Following purification of the enzyme by activated 
carbon-glutaraldehyde treatment an S/I ratio, sucrose 
activity/inulin activity, of 26 was obtained which 
corresponded with previous reports (82,98) and is 
consistent with the belief that both sucrose and inulin
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hydrolyzing activities are properties of the same enzyme. 
If the sucrose and inulin activities were properties of 
separate enzymes, or isozymes existed with different 
affinities for sucrose and inulin, one would expect the 
S/I ratio to shift during purification as the different 
enzymes are separated. Raffinose is hydrolyzed by the 
enzyme to produce fructose and melibiose. The R/I ratio, 
raffinose activity/inulin activity, was 3.5 with the pure 
enzyme which is the same as reported by Snyder and Phaff 
(98) indicating the raffinose hydrolyzing activity to be a 
property of the same enzyme.
The B-fructofuranosidase was found to be a
glycoprotein, 66% carbohydrate by weight, with a pH
optimum for sucrose at pH 4.5 which corresponds to the 
previously reported value of pH 4.1-4.3 (98).
The thermostability of the enzyme has been described 
at both 55°C (82) and 50°C (98). The results indicate a 
slight inactivation at 55°C which would not have been 
observed by Negoro (82) during the short incubation time, 
20 minutes, he employed.
Inhibition of the enzyme by Hg++ and Ag+ has been
ii 4 — I*reported (82) but Cu and Cd also exhibited a marked
inhibition of the enzyme. These results suggest that one
or more sulfhydryl groups are involved with maintaining 
the integrity of the enzyme or are involved in the active 
site of the enzyme.
The Michaelis-Menten constant (Km ) was determined for
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both sucrose and raffinose. The K for sucrose (pH 5.0)m r
of 13.6 mM is similar to the value of 9.4 mM previously 
reported (47) but the Km for raffinose (pH 5.0) of 46.1 mM 
does not correspond to the 6.1 mM value reported by 
GrootWassink and Fleming (47) for an impure preparation. 
They chose to assay the activity by measuring reducing 
sugar using the neocuproine assay (35). We have found the 
neocuproine assay to be sensitive to the substrate 
concentration and buffer under the enzyme assay conditions 
employed by GrootWassink and Fleming (47). They further 
reported an S/I ratio of 10.5 for their enzyme preparation 
which they consider to be similar to previously reported 
S/I values of 26 for K. fragilis enzyme found by Snyder 
and Phaff (98) and 42 for Candida kefyr enzyme found by 
Negoro and Kito (81). We obtained an S/I values of 26 for 
our preparation and we were working with the same strain 
of the organism, Kluyveromyces fragilis (ATCC 12424), that 
GrootWassink and Fleming were using (47).
Fructose is generally considered non-inhibitory for 
yeast invertase (115). Fructose was also found to be 
non-inhibitory for the g-fructofuranosidase from K. 
fragilis up to a concentration of 100 mM when sucrose was 
the substrate but a non-reducing fructose analog, 
2,5-anhydro-D-mannitol, which is held in the furanose 
configuration inhibited the enzyme competitively when 
sucrose was the substrate with a dissociation constant 
(Ki) of 40 mM. This compound has also been shown to exert
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a competitive inhibition on invertase from Candida utilis 
with a of 125 mM (51). Fructose in solution is
commonly found in the pyranose form (80%) over the
furanose (20%) configuration (95). These results suggest 
that the enzyme is inhibited by the furanose configuration 
of fructose but not the pyranose configuration.
III. The Relationship of the B-Fructofuranosidase to the
Cel" 1" Wall------ ---------  --------------------------
The initial suggestion that the B-fructofuranosidase
was held within the cell wall of Saccharomyces cerevisiae
by a permeability barrier was based upon the ease of 
release of the enzyme by cell breakage and its retention 
upon ethyl acetate treatment (14,15). It was found that 
ethyl acetate, which does not normally release invertase 
from Saccharomyces cerevisiae (7,14,15), released 97% of 
the cell associated B-fructofuranosidase from 
Kluyveromyces fragilis. This is in agreement with the 
observations of Burger et_ al (22). This observation, 
along with a difference in the susceptibility towards 
thiol induced B-fructofuranosidase release (100), clearly 
illustrates that there is a major difference between the 
cell walls of Saccharomyces cerevisiae and Kluyveromyces 
fragilis as to the susceptibility of the labile components 
to chemical alteration. The exact mechanism of 
B-fructofuranosidase release from Kluyveromyces fragilis 
by ethyl acetate is not yet understood. It may be that 
some component of the cell wall is denatured or extracted
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allowing the enzyme to escape. One may envision the 
extraction of lipids from the cell wall as being 
responsible. In this light it is interesting to note that 
the lipid concentration of the cell wall of Kluyveromyces 
fragilis is 3.3% which is lower than that typically found 
with most yeast (92).
The cell wall of Kluyveromy c e s fragilis is freely 
permeable to sucrose but the diffusion of inulin is 
inhibited by the cell wall (98). Following glutaraldehyde 
fixation the cell associated 3-fructofuranosidase activity 
was the same as before fixation indicating that the cell 
wall was not affected so as to inhibit sucrose diffusion. 
Therefore, by measuring S/I ratios of the fixed cells the 
affect of glutaraldehyde fixation on inulin diffusion 
could be quantitated. The S/I ratio remained the same 
following glutaraldehyde fixation indicating that the 
fixation procedure did not affect the permeability of the 
cell wall towards inulin. Treatment of the glutaraldehyde 
fixed cells with ethyl acetate, 8-mercaptoethanol, or 
ethyl acetate followed by papain and cysteine, a treatment 
that releases invertase from Saccharomyces cerevisiae 
cells (7), did not release the enzyme or increase the S/I 
ratio.
The K values of the fixed cells towards sucrose and m
raffinose at pH 5.0 were found to be identical to those 
found for the free enzyme. A shift in the is a common 
occurrence with enzyme immobilization (117). The cells
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were sonicated and then treated with glutaraldehyde to 
immobilize the enzyme to the cell debris. No increase in 
cell debris-associated enzyme was observed. These 
observations, along with the unsuccessful attempts to 
immobilize the free enzyme to solid supports, suggested 
that glutaraldehyde has no affect on the enzyme. This is 
further substantiated by the similar electrophoretic 
patterns of the enzyme observed between glutaraldehyde 
treated and untreated cell sonicates indicating that the 
free enzyme was not attached to some other component which 
would affect its electrophoretic mobility.
These observations suggest that glutaraldehyde may 
act to cross link the proteins responsible for the thiol 
induced release of the enzyme. Glutaraldehyde treatment 
followed by thiol treatment does not release the enzyme 
because, even though the disulphide bonds responsible for 
retaining the enzjnne may be reduced, the glutaraldehyde 
preserves the structural integrity of the proteins. These 
findings are in agreement with the cell wall model 
described by Kidby and Davies (58), that is, the 
B-fructofuranosidase is not covalently bound to the cell 
wall but is entrapped by a permeability barrier.
IV. Enzymatic Hydrolysis of Inulin to Fructose by 
Glutaraldehyde Fixed Yeast Cells
The treatment of cells of Kluyveromyces fragilis with 
glutaraldehyde produced a cell immobilized enzyme that was 
resistant to chemical and physical disruption. Attempts
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were made to permeabilize the cell wall to facilitate the 
diffusion of inulin. Though we were unable to improve the 
diffusion of inulin we did have a recoverable enzyme 
source that could be used at high densities.
None of the glutaraldehyde concentrations tested 
inhibited the diffusion of the carbohydrates tested beyond 
the values normally observed for the untreated cells.
The K values of the fixed cells for sucrose and m
raffinose were identical to those obtained for the free 
enzyme suggesting that the enzyme may not be covalently 
bound by glutaraldehyde to the cell. The enzyme is 
thought to be retained in the untreated cells by a 
permeability barrier maintained by thiol labile components 
(58) . We have found the activity and electrophoretic 
pattern of the soluble enzvroe to remain unchanged when 
treated with glutaraldehyde in combination with cellular 
proteins which suggests the nature of the immobilization 
may be entrapment with glutaraldehyde cross linking and 
strengthening the labile component responsible for 
retaining the enzyme.
The pH optimum for the fixed cells was pH 4.0 and pH 
4.25-4.5 for sucrose and inulin respectively whereas 
optimums of pH 4.1-4.3 for sucrose and pH 4.0-5.2 for 
inulin have been reported for the soluble enzyme (98). 
The lowered pH optimums may be explained by 
microenvironmental effects around the enzyme.
The thermal stability for the enzyme at 55°C and pH
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5.0 was sufficient to warrant industrial consideration. 
Of particular interest was the fact that when the 
temperature was held constant and the pH increased the 
thermal stability increased. Because the pH activity 
optimum and pH stability optimum do not correspond and 
because it is possible to operate at high enzyme densities 
with recoverable enzymes we opted in favor of thermal 
stability for hydrolysis conditions and so operated at pH 
5.0.
The use of immobilized inulase from Kluyveromyces 
fragilis for sucrose hydrolysis in a continuous stirred 
tank reactor has been suggested as more suitable than a 
similar system using invertase because of the increased 
affinity of Kluyveromyces fragilis enzyme relative to 
invertase for sucrose (47). The results indicate that the 
fixed cells can rapidly hydrolyze concentrated sucrose 
solutions and may be useful in an inversion reactor.
Varying inulin concentrations were hydrolyzed to 
determine the optimum concentration that would be 
completely hydrolyzed in an industrially practical time 
period. Although low concentrations of inulin were 
hydrolyzed rapidly and completely by the fixed cells, as 
the inulin concentration was increased there was a 
decreased rate of hydrolysis when the reaction was nearing 
completion suggesting that an inhibitor was being produced 
during the reaction. Fructose was found to inhibit the 
enzyme when dahlia inulin was the substrate although
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fructose is generally considered non-inhibitory for yeast 
invertases (115). We found that fructose does not inhibit 
the soluble Kluyveromyc e s fragilis enzyme up to a 
concentration of 100 mM when sucrose was the substrate but 
that 2,5-anhydro-D-mannitol, a fructose analog in the 
furanose configuration, exerted a competitive inhibition 
on the enzyme when sucrose was the substrate. Fructose in 
solution is commonly found in the pyranose form (80%) over 
the furanose form (20%) (95). It may be that the furanose 
form of fructose is inhibitory whereas the pyranose form 
is not. When sucrose is the substrate there may not be 
enough of the furanose form to affect the high affinity 
the enzyme has for sucrose. The affinity of the inulase 
for inulin however is sufficiently lower and the amount of 
furanose form fructose produced may be enough to inhibit 
the hydrolysis reaction. This would explain the observed 
hydrolysis curves (Figure 26).
Jerusalem artichoke extract was rapidly hydrolyzed by 
the glutaraldehyde fixed cells producing a product in 
which 75% of the carbohydrate was fructose. Fructose, as 
a percentage of the total potential sugar in Jerusalem 
artichoke sugar in Jerusalem artichoke varies from 75-98% 
(8). The fructose to glucose ratio varies depending on 
harvest and storage conditions. For this reason it has 
been suggested that fructose syrups may be blended with 
glucose to produce a standard syrup (60,61). The 
Jerusalem artichoke extract was hydrolyzed more rapidly
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than expected based on initial work using dahlia inulin. 
This is probably because dahlia inulin has a higher degree 
of polymerization (DP>35) than .Jerusalem artichoke 
polyfructans, hence the increased affinity for the low 
molecular weight polyfructans would increase the reaction 
velocity (16). An increased rate of diffusion of low 
molecular weight polyfructans through the cell wall may 
also contribute to the increased observed velocity.
Previous attempts to immobilize inulase enzyme 
covalently or by ionic binding have resulted in enzyme 
systems that were not commercially satisfactory 
(47,49,62). Viable cells of the yeast Picliia polymorpha 
have also been immobilized for the purpose of inulin 
hydrolysis (50). Reactors utilizing immobilized viable 
cells have disadvantages in that they must operate at 
temperatures conducive to microbial contamination, 
hydrolysis products repress the production of the inulase 
enzyme, and one is limited to a non-fermenting yeast if 
the desired product is fructose and not alcohol. These 
disadvantages do not occur with this system.
Retaining the fixed cells by ultrafiltration or 
calcium alginate entrapment may prove to be industrially 
feasible. The use of ultrafiltration in the industrial 
clarification of inulin containing plant extracts prior to 
acid or enzymatic hydrolysis of the inulin has been 
suggested (61). Inserting a second ultrafiltration unit 
for the purpose of fixed cell retention following the
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initial clarification ultrafiltration unit would allow for 
the hydrolysis of inulin with enzyme recovery. Calcium 
alginate is freely permeable to inulin (18) and has been 
utilized successfully for the immobilization of inulin 
fermenting yeast for ethanol production from inulin (73). 
Such a material could be used to entrap the glutaraldehyde 
fixed yeast cells for the purpose of fructose production 
from inulin. The fixed cells flocculate with bentonite 
and rapidly settle from solution with no affect on the 
enzyme activity. This may also prove to be another 
feasible method for separating cells from solution.
The glutaraldehyde fixed cells of Kluyveromyces 
fragilis are resistant to chemical and physical disruption 
and should be compatible for use with food products. 
These features warrant the consideration of this enzyme 
product for industrial use in fructose syrup production.
CONCLUSION
With the advent of high fructose syrup (HFS) in the 
early 1970's, the world sweetener market took a dramatic 
turn that has, and will continue to have, a profound 
effect upon the market's make-up. HFS has made 
significant inroads during the 1978-1982 time period; it 
increased its share of the total market from less than one 
percent to almost five percent worldwide (107).
The likelihood is that HFS production and consumption 
will continue to expand beyond the developed countries. 
There are four main reasons this may happen.
First, in many countries, a feedstock that is 
indigenous to that country or imports of starch-based 
feedstocks are more economical than cane or beet sugar. 
Many developing countries are expected to emerge as 
producers of starch-based sweeteners, utilizing various 
types of feedstocks, such as tapioca, (cassava, yucca, 
manioc), rice, wheat, sorghum and sweet potato starch, in 
addition to corn (maize). Also, unrefined starch 
containing materials, such as broken rice and maize grits, 
are possible feedstocks.
Second, many governments have refined sugar pricing 
policies which are conducive to high-fructose syrup 
development, i.e., a large number of countries have 
controlled sugar prices, usually higher than world market 
prices. The intent is to support the local, production of 
sugar and/or raise governments revenues.
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Third, rising world population levels and improved 
living standards in developing countries will create an 
even greater need for future nutritive sweetener 
production.
Fourth, the cyclical price of sugar will eventually 
rebound and high prices will inspire countries to invest 
in the production of high-fructose syrup.
The world outlook for increased fructose production 
appears favorable for the development of novel methods for 
fructose production. The use of inulin containing plants 
for fructose production may be feasible in countries that 
don't have large amounts of starch-based feedstocks.
The use of inulin for the production of high-fructose 
syrup in the United States is hampered by a very 
successful starch-based high-fructose syrup industry. 
This is further complicated by the expected reduction in 
the rate of growth of high-fructose syrup sales in 1983. 
Two major reasons for this reduction have been identified.
First, it was not until 1982 that industry capacity 
expansions were adequate to fully satisfy the demand 
created in 1980 by the Coca Cola Company approval of 55% 
HFS at the 50% replacement level of refined sugar in Coca 
Cola. Similar use of HFS has been approved by PepsiCo in 
their fountain syrups.
Secondly, the diet drink segment, which is the 
fastest growing area within the soft drink industry may 
come to rely on aspartame which would be unfavorable to
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all suppliers of nutritive sweeteners.
Corn wet millers have expanded to production capacity 
in order to accommodate the demand for high-fructose 
syrup. Many of the production facilities also have the 
capacity to produce ethanol in order to enhance their 
swing capability between HFS and ethanol to further lessen 
dependence on straight HFS sales. Although inulin-based 
high-fructose syrup production has the same option to 
produce ethanol it would be difficult for an emerging 
industry to compete with an established industry that has 
such a capacity to manipulate the market.
Interest in inulin-based high fructose syrup
production exists in Europe, France in particular. The 
European Economic Community (E.E.C.) policies clearly 
favor beet sugar production over starch sweeteners. In 
areas, such as the E.E.C., where government subsidies 
exist inulin-based fructose syrup production may become 
feasible assuming that government policy doesn't once
again opt for beet sugar over inulin sweeteners.
Unless demand in the United States for high 
percentage (>80%) fructose syrup increases and unless
inulin hydrolysis proves to be less expensive than
increasing fructose percentage in corn syrup it would be 
difficult for an inulin-based sweetener to compete in the 
U.S. market.
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